Shot transition detection is a core technology in video browsing, indexing systems and information retrieval. In this paper we propose a dissolve detection algorithm using the characteristics of edge in MPEG compressed video. Using the intensity change information of edge pixels obtained by Sobel edge detector, we detect the location of a dissolve and its precise duration. We also present a new reliable method to eliminate the false dissolves. The proposed algorithm is tested in various types of videos, and the experimental results show that the proposed algorithm is effective and robust. key words: shot transition detection, dissolve detection (
Introduction
The integration of information from various sources and the emergence of digital libraries have increased the importance of browsing multimedia information in the form of still images and videos in interactive multimedia system. In such circumstances, shot transition detection is a core technology for content-based video retrieval such as video indexing and browsing. A shot is defined as a continuous sequence of frames taken by a single camera. When dividing video into shots, the key is to differentiate shot transition from the normal changes in a shot. Shot transition can be divided into abrupt transition and gradual transition such as fade and dissolve. Generally gradual transitions are more difficult to detect than abrupt transitions. It is particularly difficult to detect dissolves between sequences involving intensive motion. So early studies mostly focused on abrupt transition detection, and provided some level of completed results. Recent studies have focused on detecting gradual shot transition. Also, early studies on shot transition detection focused on uncompressed video. The studies suggested methods such as pair-wise pixel comparison, block-based comparison, histogram comparison, clustering-based division, feature-based, division and model driven division [1]- [5] . As nowadays video is increasingly stored and transferred in a compressed format (MPEG), it is better to detect shot transition directly in compressed video. There are various methods of detecting shot transition in compressed video based on the type of information used, such as 1) DCT coefficients 2) DC terms 3) DC terms, MB coding mode and motion vector 4) DCT coefficients, MB coding mode and motion vector 5) MB coding mode and motion vector and 6) MB coding mode and bit rate information [5]-[8] . We propose a dissolve detection algorithm using the characteristics of edge based DC information in compressed video. It is important to detect dissolves because dissolve is the most common gradual shot transition. Zabih et al.'s algorithm is a well known method of detecting shot transitions using edge. Their algorithm detects shot transitions by considering the entering edge pixels and the exiting edge pixels between consecutive frames [3] . In this paper we propose a simpler and better algorithm. We use intensity change information of edge pixels obtained by Sobel edge detector. We first detect dissolve candidates without comparing between neighboring frames. And we detect final dissolves using a new reliable method to eliminate the false dissolves from detected dissolve candidates.
Dissolve Detection

DC Image Sequence
We first reconstruct a spatially-reduced image sequence, called DC image sequence from MPEG video data. The resulting DC sequence is reduced to 1/64. Though DC sequence is greatly reduced, it captures meaningful global image features. While the reconstruction of such reduced image sequence is a trivial task for I-type frames, it is not straight forward for the P-type frames and B-type frames. We use Yeo and Liu's algorithm in reconstructing DC image sequence from MPEG video [7].
Mathematical Model for Dissolve
In video editing, a shot A is often combined with another shot B in a video. Considering the characteristic of such combined signals, sometimes the signal of shot A changes from 100% to 0%, while the signal of shot B changes form 0% to 100%. This is the process of dissolve. Mathematically, dissolve can be expressed as follows.
Where, Sn(x, y) is the signal of resultant video signal, fn (x, y) is shot A, gn (x, y) is shot B, L1 is the length of shot A, F is the length of dissolve sequence and L2 is the length of the total sequence [9].
Dissolve Detection
The edge is the part where the intensity of pixel changes drastically. In this paper, DC sequence goes through Sobel edge detector with 3*3 mask to get the edge function En(x, y). Then, according to threshold applied, the edges of each frame are determined. Let the number of edge pixels in a frame NEP(n). If the threshold gets higher, NEP(n) decreases. On the other hand, if the threshold gets lower, NEP(n) increases. Generally, NEP(n) in a shot changes smoothly. Although the threshold changes, NEP(n) in a shot keeps changing smoothly. However, NEP(n) changes drastically when abrupt transitions occur. Though not as drastic as abrupt transitions, NEP(n) also changes somewhat during dissolving. But it is difficult to detect shot transitions using only this information, especially in dissolve. At this point, the mathematical model of dissolve defined in Eq. (1) should be reconsidered. Figure 1 shows an example of a dissolve. A typical dissolve becomes more complicated as it moves towards the center frame of dissolve. At the same time, the overall edge of frame becomes blurry because both shot A and shot B represent only 50% of their signals at the center frame of dissolve as shown Fig. 1 (b) . In other words, as moving towards the center frame of dissolve, the intensity of almost all pixels in a frame changes smoothly. Thus the values of En(x, y) are not large overall as moving towards the center frame of dissolve. As threshold increases, NEP(n) decreases drastically as moving towards the center frame of dissolve. This indicates that edge detection in dissolve is greatly influenced by threshold. We use this property to detect dissolves.
We use two thresholds, the lower threshold T1 and the upper threshold T2, to detect edge of DC frames. Our purposed algorithm is not to merely count the number of edge pixels exceeding each threshold but to consider the value of En(x, y), which contains the information on the intensity change of edge pixels in a frame. This is shown in Eq. (2). It adds all differences between the threshold and En(x, y) exceeding the threshold to consider the intensity change of edge pixels in DC frames.
Where, T is threshold, h is the number of pixels in the vertical direction of DC frame, w is the number of pixels in the horizontal direction of DC frame and N is the total number of frames. By doing so, good performance on various types of videos can be obtained while applying fixed T1 and T2. Let D(n)s applied with T1 and T2 D1(n) and D2(n) respectively. In order to minimize the influence of noise, a smoothing process is applied to calculate D*1(n) and D*2(n).
(When there is a large difference in D(n) between neighboring frames, the smoothing process is omitted.) Then, the ratio of D*1 (n) and D*2(n), R(n) is calculated as follows.
Although D*1(n) and D*2(n) change respectively in a shot, the pattern of change is almost identical, thus R(n) doesn't change much.
The flat area in Fig. 2 (c) shows such stability.
However, during dissolving, D*2(n) decreases more steeply than D*1(n) as moving towards the center frame of dissolve.
As a result, R(n) in dissolve forms the shape of a hill, as shown in Fig. 2(c 
Elimination of False Dissolves
The proposed method R(n) detects dissolve candidates using the property that the overall edges of a frame become blurry as moving towards the center frame of dissolve. When a camera is out of focus instantly, or when a camera or objects move fast, frames are blurred and sometimes show similar edge characteristics with dissolve, so they are detected as dissolve candidates (false dissolves). To solve the problem of these false dissolves, a lot of methods were proposed before. While these methods eliminate a lot of false dissolves, they also eliminate a lot of correct dissolves. To eliminate correctly false dissolves from candidates, we propose the new and robust method using the pair-wise pixel comparison method [7] . The difference between two frames F, G is denoted by PD(F.G). 
